Purpose: Questionnaires investigating semiology and comorbidities of psychogenic non-epileptic seizures (PNES) have been used mainly to help physicians expedite referrals to epilepsy centres for confirmation of diagnosis rather than as alternative diagnostic tool when video-EEG monitoring (VEM), the current gold standard, is not available or is inconclusive. Methods: We developed one structured questionnaire for patients, exploring subjective experiences and vulnerabilities and one for eyewitnesses, focused on features observable during typical events to study prospectively 50 consecutive adult patients with PNES or epileptic seizures (ES) admitted for VEM. A list of variables representing specific signs, symptoms and risk factors was obtained from each question. Specificity (SP) and sensitivity (SE) of each variable were calculated analyzing patient's and witness' responses against the final diagnosis. Statistical significance was assessed using the Fisher's exact test. Results: Twenty-eight patients' questionnaires (17 PNES, 11 ES) were eligible for analysis. Seven variables with high SE and SP, of which 5 statistically significant, emerged as diagnostic predictors. They comprised three historical items: head injury, physical abuse and chronic fatigue; two warning signs: heart racing and tingling or numbness; one triggering sign: headache; one postictal symptom: physical pain. Sixteen witness questionnaires (6 PNES, 10 ES) were available. Side-to-side head movements and eyes closed were the statistically significant variables. Conclusion: Pending further refinements, ad hoc questionnaires specifically designed for patients and eyewitnesses, may represent a practical tool for distinguishing ES from PNES in settings without sophisticated facilities or when VEM is inconclusive.
Introduction
Recording typical events on video during simultaneous monitoring of the EEG is the landmark for differentiating epileptic seizures (ES) from psychogenic nonepileptic seizures (PNES). Nonetheless, a normal ictal EEG does not rule out ES and no single feature of an event recorded on video has proved pathognomonic of either syndrome. Therefore, the current "gold standard" implies that findings on Video-EEG monitoring (VEM) be consistent with the patient's history and corroborated by other pertinent clinical data [1] . It derives that a reliable differential diagnosis between ES and PNES is possible only in highly specialized centers that offer long-term monitoring (LTM) facilities and a team of skillful and well-trained providers. Since cases with PNES have been reported worldwide [2] [3] [4] [5] [6] including countries where specialized centers are limited, compliance with the current standard of practice means that a large number of affected patients with no access to such resources remain undiagnosed or incorrectly treated.
Moreover, the "gold standard" is not free of limitations. A survey of all first admissions to the monitoring unit of the Epilepsy Center at the University of Rochester for the year 2015 indicates that out of 281 consecutive cases VEM was "inconclusive" in 12% because no events were captured, despite adequate length of monitoring and attempts to induce the events (unpublished data). Our findings are consistent with recent reports from other centers indicating that VEM was inconclusive in 14.5% of consecutive admissions with mixed diagnoses over a 10-year period [7] and may fail to record spontaneous events in one out of four PNES patients (26%), though the majority will respond to seizure induction procedures [8] .
A "negative" VEM, by preventing a definite diagnosis, precludes the appropriate treatment and prolongs disease burden. Thus, in both the large underprivileged population with no access to the appropriate facilities and in the smaller group where the "gold standard" fails, alternative instruments and strategies are needed to expedite the diagnosis.
In a previous study we have investigated how experienced epileptologists, blind to the EEG findings and other clinical information, can predict the diagnosis by simply reviewing the semiology of events captured on video in about one third of cases [9] . Here we investigate the predictive value of structured questionnaires designed to collect directly from patients and eyewitnesses information about personal history, the perceived characteristics of the events and specific risk factors.
The aim was to establish whether and to what extent such instrument could represent a useful addition to the investigation routinely performed by care providers in specialized centers or be a viable surrogate when such facilities are not accessible.
Methods

Eligibility criteria and setting
Consecutive new patients above the age of 18 and with no evidence of cognitive impairment referred to the LTM unit of the University of Rochester, NY for investigation of seizures were eligible for the study. This included all patients, regardless of the presumed or suspected diagnosis, admitted to identify the aetiology of their symptoms.
The questionnaires
Three of the investigators (AJ, GE, JL) empirically assembled two ad hoc questionnaires, one for patients (Questionnaire A) and one for witnesses (Questionnaire B). Each consisted of an eclectic array of signs and symptoms known from the literature to correlate with the diagnosis of either ES or PNES. They incorporated items that were part of pre-existing instruments, one in particular that, based on sensitivity/specificity values, had identified 3 diagnostic indicators for PNES and 3 for ES out of 45 video-documented signs [10] . However, since our aim was to build a comprehensive, broad-based instrument, we equally considered analogous tools used for other more specific purposes [11] as well as reports highlighting the discriminatory value of single clinical features [12, 13] . In addition we added all other signs and symptoms that, according to our clinical experience, could help differentiating the two disorders. Contrary to previous questionnaires, mostly designed to guide trained professionals through an exhaustive scrutiny of the semiology of the events [10, 11] , the distinctive features of Questionnaire A and B were to encourage patients and eyewitnesses to tell their story, how they felt, what they saw. Consequently, the wording had to be easily accessible to lay/ untrained people and was geared to explore subjective experiences (patients) and the recall of critical observations (eyewitnesses). Questionnaire A, focused on patients past history, specific risk factors, precipitating events and comorbidities. It gave special attention to triggering or warning signs and to the subjective experiences that may occur in patients with either ES or PNES before, during and after the typical events. Questionnaire B focused on the semiology of the events, namely the manifestations reportedly characteristic of ES and PNES, to document the objective observations made by the eyewitness when the patient is or appears to be unconscious.
It is well documented that the discriminatory abilities of caregivers in detecting characteristic features of the events is far inferior to that of epileptologists [10, 11] . In addition, retrospective contributions of eyewitness depend on the recall of what an untrained observer has noticed at the time of the event. Thus, the aim of Questionnaire B was twofold: 1) determine how contributory an account based on the late recollections of a nonprofessional witness can be; 2) define which signs, among those reported as typically associated with ES or PNES, are more likely to be noticed and reported. When patients and witnesses described more than one type of event (i.e. convulsions, staring, unresponsiveness, loss of time, etc.), the same set of questions was replicated for each of the three most frequent events. Efforts were made to formulate the questions in lay terms at 7th grade level to optimize comprehension and facilitate self-administration. A non-physician assistant was present during the collection of data to clarify issues when necessary. Questionnaires A and B were administered prospectively, during the early part of the admission before the diagnosis was known.
Questionnaire A was revised after testing the first set of 21 subjects, mainly to improve clarity without altering the content. During this process, and without the benefit of an interim analysis, it appeared that some questions pertaining to symptoms of somatization were too generic for an effective discrimination between ES and PNES. Therefore, they were removed. Nonetheless, in the final analysis patients' answers to all questions, including those removed, were assessed.
The full sets of questions contained in the original version of Questionnaire A and Questionnaire B are available as supporting material (Supporting material: seizure patients and witness questionnaires).
Final diagnosis
The final diagnosis was based on the convergence of the following: presence, or absence, of specific risk factors in the patient's history; findings on Video-EEG/ECG monitoring; results of psychiatric and neurological assessments. Cases in which a definite diagnosis could not be reached were removed from analysis.
Data analysis
Using the information obtained from each single question, we created a list of 109 variables for Questionnaires A, representing specific signs, symptoms and risk factors and 62 for Questionnaire B, representing a variety of objective features associated with the events. Each variable was coded as present, absent or "missing" when the patient/witness did not know or did not want to respond. If the patient had more than one seizure type, a sign, symptom or risk factor was considered as present if recorded in one or more seizure types and as absent if recorded in none. Since the aim was to assess the discriminating value, we independently calculated Specificity (SP) and Sensitivity (SE) of each variable analyzing the direct responses of patients and witnesses against the final diagnosis. We compared exclusively patients with proven diagnosis of PNES versus patients with proven ES. All subjects with both PNES and ES or with other types of events were excluded because underrepresented in our sample (see Results). In order to identify variables that would correctly confirm or exclude a PNES diagnosis with high probability and to exclude those too common or too uncommon in either group, we followed the criteria adopted by Syed et al. [10] : 1) either SE or SP must be at least 80%; 2) both SE and SP must be above 50%. In addition, we separately tabulated all variables with both SE and SP no less than 50% and with SE or SP between 60% and 80%. We also tested the statistical significance of the selected variables using the Fisher's exact test.
The study was approved by the Institutional Research Subject Review Board (RSRB) of the University of Rochester. All participating patients released a written informed consent.
Results
Study sample
For this pilot study we enrolled a total of 50 consecutive patients. The final diagnosis was PNES (20) , ES (12), other type (5), ES + PNES (1) and no diagnosis possible (12) . Four subjects were unable to complete Questionnaire A because of early discharge. From the remaining 46 subjects, 18 were excluded due to diagnosis of other events or no diagnosis, leaving 28 Questionnaires A eligible for analysis.
Questionnaire B was not obtained in 21 cases because a reliable witness could not be reached or identified. Of the remaining 29 subjects, 13 were excluded because the diagnosis was other events (5) or no diagnosis (8) . This left a total of 16 questionnaires B eligible for analysis, each one corresponding to the respective Questionnaire A.
Patient burden
Filling Questionnaire A took on average 1 1 / 2 -2 h and Questionnaire B approximately 1 / 2 h. Patients were directed to start the test at the most suitable time and were allowed to interrupt if they wished. The task was generally well tolerated:. Approximately half of the participants chose to self-administer the questionnaire. The clinical coordinator was available for assistance.
Questionnaire acceptability
In the course of the whole study, with the exception of one patient who refused to discuss his upbringing, all other subjects appeared willing to disclose history of abuse or other sensitive information despite being aware that they were entitled to skip embarrassing questions. Specifically, the great majority stated they did not feel embarrassed (73%) or upset by the questions (80%). Most felt "comfortable" (86%), often "interested" (80%) or even "curious" about the test (67%). Regarding the modality of the administration, no specific preference emerged. Subjects felt comfortable completing the test on paper (80%) or on screen (82%) and 78% were open to respond to the questionnaire in a faceto-face interview.
Sensitivity (SE) and specificity (SP) of patient's responses to Questionnaire A
Of the 28 questionnaires eligible for the analysis, 17 were completed by patients with PNES (76% female; mean age 39.2/ standard deviation, SD 12.5) and 11 by patients with ES (64% female; mean age 40.4/SD 19.4). Table 1 shows the 7 variables in Questionnaire A (patient) that met the pre-set criteria of high SE and SP, indicating whether the variable was present or absent in either group. Three variables pertained to the event's prodromal phase: headache, heart racing and tingling or numbness; one to the post-ictal phase: physical pain. The remaining three concerned the subject's history: two risk factors (head injury, physical abuse) and one symptom (chronic fatigue). Sexual and emotional abuse and none of the psychiatric co-morbidities reached the discriminating threshold as they were reported only occasionally in either group. The p-value was significant for all reported variables except two: tingling or numbness and physical abuse (p = 0.115 and 0.054 respectively). Response rate was complete for all questions except for chronic fatigue, an item investigated only in the early version of questionnaire A. Table 2 shows the 6 variables in Questionnaire A below the preset threshold but with SE/SP no less than 50% and either SE or SP between 60% and 80%. Again, three of them concerned the prodromal and post-ictal phase of the events and three the patient's history, of which one also represented a risk factor (emotional abuse).
Sensitivity and specificity of the witness responses to Questionnaire B
Among the 16 questionnaires completed by witnesses, 6 pertained to patients with PNES (gender 50% female; mean age 34.0/SD 9.5) and 10 to patients with ES (gender 70% female; mean age 41.6/SD 20.0). Table 3 shows the only 2 variables in Questionnaire B that reached the discriminating threshold and significant p-value. They represented two ictal signs: head moving from side to side and eye closure, observed in at least one of the witnessed seizure types. Table 4 shows the 4 variables in Questionnaire B below threshold but with SE/SP no less than 50% and SE or SP between 60% and 80%. Three were related to the event's semiology (ictal on/ off body movements, breathing pattern, falling) and one to a special ictal function (being talked out of seizures).
All other variables of Questionnaire A and B that did not reach the minimum threshold are reported in Supplementary material Tables S1 and S2 with the relative SE/SP values. 
Discussion
This aim of this pilot study was to explore if patients and eyewitnesses can provide useful clues for the differentiation between ES and PNES. Though only preliminary, our results from Questionnaire A highlight a distinct profile for patients with PNES, mainly characterized by a variety of subjective experiences not previously well identified. Conversely, the results from Questionnaire B confirm previous reports that the contributions of eyewitnesses are limited [11] . However, they are not negligible though restricted to few easily noticeable signs.
The use of signs and symptoms lists to discern PNES from ES is not new. Instruments used so far have varied greatly in format and size, depending on the intended purpose and targeted population. In general, their content has focused on the somatic manifestations of the events, mainly as they appear on video recordings, pointing out single features such as eyes forcefully closed/changes in amplitude and rhythm of body movements, or the post-convulsive respiration pattern, as highly discriminatory [11] [12] [13] [14] . Relatively little attention has been given to the personality characteristics and emotional dysregulation that constitute an important component in the pathogenesis of PNES [15] . Only more recently, and in a few, isolated instances, investigators have inquired about emotional states and subjective experiences such as anxiety and depersonalization, either by directly asking patients and witnesses [16] or indirectly through structured interviews [17] . Other investigators have tailored instruments for specific purposes such as a rapid screening of patients presenting with seizures in the Emergency Department [18] . Even though most of these instruments have been conceived as an aid to professionals facing the differential diagnosis, one was specifically designed for selfreporting and was subsequently validated for extensive use [19] . However, the methodology adopted was quite selective, avoiding on purpose "sensitive" questions (i.e. history of abuse) and excluding the participation of eyewitnesses based on the assumption that responses in either case would be unreliable. Moreover, the large contingent of PNES characterized by pure subjective or minimal manifestations was omitted from the analysis because, in the absence of EEG abnormalities, they would be undistinguishable from simple partial seizures (now known as focal aware seizures) [20] . Thus, the study failed to explore potential sources of valuable information.
Overall, lack of standardization, differences in methodology and the perception that results are often conflicting, have generated among professionals uneasiness and skepticism about the use of questionnaires as clinical tools. Such attitude is justified by the belief that a face-to-face interview with experienced clinicians, especially if combined with VEM, is the best approach. Since this remains the undisputed gold standard, so far screening questionnaires have been primarily recommended to help providers as a way to accelerate, rather than reduce, referrals to epilepsy centers. We devised an eclectic, easy to manage, patient-centered instrument that could be incorporated in the assessment of individuals presenting with seizures, as review of systems (ROS) questionnaires have become part of routine medical consultations. Our focus was to encourage patients and caregivers to share their personal experiences and to utilize that information as potential predictor of diagnosis. Therefore, we included without exception all types of seizures they reported and asked all questions deemed pertinent, including those that could cause embarrassment. We retained two separate questionnaires because in clinical practice, especially in the absence of VEM, clinicians must rely on both patients' and eyewitnesses' reports. Finally, since the aim of our study was to identify a tool that would discriminate between diagnoses, we chose as best measures the SE and SP of each variable against the final diagnosis. Our results must be considered only preliminary because based on very small datasets non-representative of a real-world population because it included only patients with proven diagnosis of ES and PNES. Nonetheless, they confirm that questionnaires can produce diagnostic predictors that will help differentiating PNES from ES. It should be of no surprise if our findings are not exactly superimposable with those of a comparable study [10] because the source of information differed: in our case we investigated information collected at the origin, directly from patients and eyewitnesses, prior to being investigated, whereas the other study focused on material recorded on video and interpreted by care providers. Quantitatively, our study has identified 7 variables above the pre-set discriminating threshold for Questionnaire A and only 2 for Questionnaire B. Qualitatively, some of the predictive variables emerged from Questionnaire A (direct patient's response) call attention to the state of anxiety and emotional turmoil fostering the events. They consist of distinct, subjective manifestations (headache, heart racing, tingling and numbness), which probably correspond to the recently described changes in cardiac activity preceding and following PNES [21] . Contrary to the systematic search for the aura when suspecting ES, this is an area that is scarcely investigated when suspecting PNES. Likewise, the other predictive variables highlight frequently recurring themes such as hypersensitivity to pain (pre-ictal headache/post-ictal pain) and tendency toward somatization (history of chronic fatigue), common in patients with PNES. Surprisingly, such data, readily accessible at no cost, have not been previously utilized at streamlining or assisting diagnosis though they seem to be highly discriminatory. Conversely, among the highly emphasized history of abuse, only physical abuse, frequent in PNES and relatively rare in ES, reached the discriminating threshold (SE = 58.8/SP 81.8). By resetting the discriminatory threshold to a lower value of SE and SP, we identified an additional number of variables that may retain some degree of diagnostic value (Table 2) . They include two triggering factors: sensitivity to lights and feeling overwhelmed, which probably reflect the vulnerability to suggestion and weak coping ability of these subjects; one post-ictal manifestation: trouble speaking (SE 64.71/SP 63.64), probably a sign of conversion, and history of emotional abuse (SE 52.94/SP 63.64). All those signs were frequently reported in both syndromes, though slightly more common in PNES. Finally, history of self-inflicted injury ("hurt yourself") stands out for being more often absent in ES. Overall, the presence of these sub threshold variables may add cumulative value on a relative probability scale when assessing evidence in favor of a diagnosis of PNES. Surprisingly, sexual abuse (SE 29.41/SP 81.82) remained secluded among the non-discriminatory variables because it was seldom reported and, when reported, was about equal in either syndrome (see Supplementary material Table S1 ).
The contribution of eyewitnesses (Questionnaire B) was clearly restricted to two discriminating variables, confirming the wellknown critical role of ictal eye closure and side-to-side head movements in differentiating ES from PNES. Within the limits of our small sample, the presence of those easily recognizable features was not only highly indicative of PNES but made unlikely the diagnosis of ES (SE 66.7/SP100). Conversely, the absence of these key features was consistent with ES though it did not exclude PNES. Of note, both variables were present in the majority of patients with PNES and absent in all subjects with ES who responded to these questions, suggesting that the presence of these signs is not compatible with, and thus may exclude, the diagnosis of epilepsy. The only caveat is the differential diagnosis with hyper motor seizures of frontal lobe epilepsy, presenting similar semiology. This syndrome is rare and was not represented either in our sample or in most previous investigations. Additional information, that would be easy to gather through a questionnaire, regarding seizure clustering, brief duration of the events, the association with sleep and more, will be necessary.
One of the 4 variables below threshold that emerged from Questionnaire B (Table 4 ) (ictal movements "on/off") is also distinct for being predominantly absent in ES. (SE 50.00/SP 90). This suggests that while eyewitnesses may find difficult to identify such feature when it occurs (i.e., during PNES), they may find it easier to say when it does not occur (i.e., in ES). Overall, it appears that sub threshold variables have a complementary role and, therefore, should not be automatically excluded. Furthermore, such observations imply that not only the presence of a sign may be suggestive of a diagnosis but also its absence can be relevant.
Among the advantages of questionnaires are the low cost, the easy administration, the wide spectrum of issues that can be systematically explored and the completeness of the feedback, always with a clear indication of whether a sign is present or absent. The original contributions of our study include first, the confirmation that both patients and eyewitnesses can provide unique and different information and, therefore, are best approached with two separate instruments. Second, the concept that questionnaires focused primarily on typical signs of the event's semiology may be helpful to specialized professionals but have little impact on patients who, as a rule, are unaware during the events. Likewise, physician-centered questionnaires are bound to be rather unproductive when addressing eyewitnesses, notoriously unfit to appreciate many of the classic "trade mark" signs identified by epileptologists [10, 11, 22, 23] . Nonetheless, while eyewitness contributions are restricted to the limited recall of few, concrete observations made during events seen in the past, patients can provide a wealth of details about their subjective experiences and symptoms before and after the events. This part of seizure semiology may go unnoticed to the eye of a reviewer during VEM, but can be easily identified by directly asking the patient through a questionnaire.
There are several limitations to be considered in our study. First, the small number of eligible patients could have affected the SE and SP of single variables, especially the analysis of Questionnaire B, based on a dataset of only 16 cases (6 PNES, 10 ES), and undermine the validity of any conclusion drawn. Second, our results reflect the comparison between PNES and ES, the only two groups numerically adequate for analysis. Patients with dual diagnosis of PNES + ES (1 case) and patients with other diagnoses (4 cases) had to be excluded. Third, although the content of our questionnaires seemed broad and comprehensive for screening purposes, the selection of items to be investigated was empirical and based on the clinical judgment of the authors. Thus, we suspect the questionnaires adopted for this preliminary study were neither exhaustive nor complete and will require improvements. We found particularly difficult documenting history of somatization to the point that midway we felt compelled to revise questionnaire A and remove from this domain a few questions deemed inadequate. Yet, at the end of the study, despite the high number of missing data, a positive history of chronic fatigue turned out to be among the discriminatory signs for PNES. This indicates that somatization is an important component of this disorder and should be explored systematically, perhaps with the aid of review of system (ROS) questionnaires [24] or one of the existing somatization scales [25, 26] . Another source of perplexity is the reliability of selfreported information. We presume responders are unbiased and trustworthy, even when confronted with sensitive issues in their personal history. However, other investigators have felt differently and for good reasons [19] .
Future directions
A larger sample will be needed to confirm the predictors emerged from this study and to determine whether more variables will reach the significance threshold.
The instrument used in this investigation was mainly exploratory. It is foreseeable that a standardized questionnaire for universal use to help discriminating PNES from ES will be trimmed down to the essential information lay people, patients and eyewitnesses, can provide easily rather than being geared to the criteria utilized by professionals.
Self-reporting questionnaires, though will never reach the degree of certainty provided by VEM, may offer a probability score, based on the presence or absence of relevant variables and relative SE/SP values, in support of a putative diagnosis with measurable degree of confidence.
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